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A number  of higher al iphatie py r ry l  ketones were  synthesized.  It is shown that a carbethoxy 
group in the 5 posit ion of the py r ro l e  r i n g  re la t ive ly  weakly deact ivates  the 3 posi t ion of the 
r ing to e lec t rophi l ic  a t tack during F r i e d e l -  Craf ts  acylation but hinders  this reac t ion  cons i -  
derably  when it is in the adjacent 4 position. The oxidation of the a - m e t h y l  group in a s e r i e s  
of py r ry l  ketones and the cor responding  alcohols was studied. 

Higher  al iphatic  py r ry l  ketones a re  of considerable  in te res t  both f r o m  the point of view of the p o s s i -  
bil i ty of the i r  use for  the synthesis  of porphyr ins  re la ted  to heme a [1] and in connection with the i r  poten-  
t ia l  pharmacolog ica l  action [2]. One of the most  p romis ing  methods for  the p repa ra t ion  of these compounds 
is F r i e d e l - C r a f t s  acylation of a -  and f i-unsubst i tuted py r ro l e s .  

In the p re sen t  investigation, we studied the effect  of an a - c a r b e t h o x y  group on the ease  of in t roduc-  
tion of an acyl substi tuent  into the 3 and 4 posi t ions of the py r ro l e  ring. 2 ,4 -Dime thy l -5 -ca rbe thoxypyr ro l e  
(In) and 2 ,3 -d ime thy l -5 - ea rbe thoxypyr ro l e  (IIa) were  se lec ted  as the s ta r t ing  compounds. The reac t ion  was 
c a r r i e d  out in dichloroethane in the p resence  of anhydrous a luminum chloride.  The acylation of py r ro le  Ia 
with pa lmt ty l  chloride p roceeded  success fu l ly  even at 20 ~ C, and 2 , 4 - d i m e t h y l - 3 - ( 1 - o x o h e x a d e c y l ) - 5 - c a r -  
be thoxypyrro le  (Ic) was obtained in p rac t i ca l ly  quanti tat ive yield. Py r ro l e  Ia was also readi ly  acylated with 
propionyl  chloride and s t ea ry l  chloride to give Ib and Id in 92.5 and 97.5% yield, respec t ive ly .  

CHla'~N~CO2C2 H 5 CH3~.N./~.C O2C2fl ~ 
H 1t 
I I I  

a R=H; b R=COC2H,~; C R=COCI[,H31; d R=COC37H35 

To a ce r ta in  degree,  the r e su l t s  obtained in the acylat ion of 2 ,3 -d ime thy l -5 -ea rbe thoxypyr ro l e  (IIa) 
we re  unexpected. In this e a s e ,  the yield of 2 ,3 -d ime thy l -4 - (1 -oxohexadecy l ) -5 -ca rbe thoxypyr ro le  (IIc) was 
only 34%. The yield was not r a i s ed  substant ia l ly  by increas ing  the amount of ca ta lys t  or  by heating. We 
were  able to obtain pyr ro le  IIc in higher  yield (62%) only by replac ing  dichloroethane by another  solvent - 
n i t romethane  - in which, as it tu rned  out, the complex of the s ta r t ing  pyr ro le  with a luminum chloride is 
more  soluble. The resu l t s  are  evidence that in the F r i e d e l -  Craf ts  acylation of p y r r o l e s ,  the a - c a r b e t h o x y l  
group marked ly  i nc rea se s  the reac t iv i ty  of the adjacent /3 posi t ion and only slightly deact iva tes  the more  
distant  f l '  position. 

The impor tan t  step in the convers ion  of p y r r o l e s  to d ipyr ry lmethanes  - in te rmedia tes  in the synthe-  
s is  of porphyr ins  - is oxidation of the a - m e t h y l  group with lead t e t r aace t a t e  or  some other  oxidizing agent. 
The p resence  of e l e c t r o n - a c c e p t o r  subst i tuents  hinders  this  react ion.  It is known that  2 ,4 -d ime thy l -3 -  
a ce ty l -5 - ca rbe thoxypyr ro l e  cannot be oxidized with lead t e t r aace t a t e  [3]. Having in view the s t rong deac t i -  
vat ing effect  of the acyl group, we undertook the reduction of the carbonyl  group in Ib and Ic with sodium 
borohydride.  As a resul t ,  we obtained the cor responding  alcohols (IIIa and IIIb). The hydroxyl  group in 
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CHa CO2C2H 5 RICH2~N/"CO2C2H 5 
H 

tl! IV 

I I I  a R=C2H~, RI=H ; b R=CIsH3t, RI=H; C R=CIsH3s Rh=COCH3; 

IV a R=COC~TH3s. RL=OCH3; b R=COCIsH31, RI=Cl 

pyrro le  IIIb was protected by means of acetic anhydride. The result ing IIIc was then oxidized with 
lead te t raaceta te  to the corresponding ~-ace toxymethyl  derivative. In the course  of subsequent invest iga-  
tions, we found that the pyr ry l  ketones can be direct ly oxidized with lead te t raaceta te .  We were able to ob- 
tain 2-aee toxymethyl -4-methyl -3- (1-oxooctadecyl ) -5-carbe thoxypyrro le .  This difference in the react ivi t ies  
of pyr ry l  ketones and 2 ,4 -d imethy l -3 -ace ty l -5 -carbe thoxypyr ro le  attests to the activating effect of a large 
alkyl substituent. Heating of the ~-ace toxymethyl  derivative in methanol with a small  amount of hydro-  
b romic  acid converted it to 2 -methoxymethyl -4-methyl -3- (1-oxooctadecyl ) -5-carbe thoxypyrro le  (IVa), 
which could not be used for the dipyrrylmethane condensation [4]. A symmet r ica l  dipyrrylmethane (V) was 
formed when this react ion was ca r r i ed  out with a large amount of HBr. 

CH- R 

H 5 C202C~ ~ . N ~ - . . ~ -  N~'~'C O2 C2 H 5 H 5 C2 O g C ~ ~ . N ~ . ~ . ~ ' ~  N ~ - C  H s 
H H H H 

V VI 

V R=COCL7H35 Vl R=COCI51"13} 

We therefore  abandoned our r e sea rch  with ~-ace toxymethyl -subs t i tu ted  derivatives and turned to the 
corresponding ~-ch lo romethy lpyr ro les .  Trea tment  of pyrrole  Ic with sulfuryl chloride in o-dichlorobenzene 
at 50 ~ gave 2-ch loromethyl -4-methy l -3- (1-oxohexadecyl ) -5-carbe thoxypyr ro le  (IVb). The la t ter  was int ro-  
duced into condensation with 2 ,4-dimethyl-3-(2-die thylaminoethyl)pyrrole  in chloroform containing t r ie thy l -  
amine [5]. The result ing 4 ,3 ' ,5 ' - t r imethyl -3- (1-oxohexadecyl ) -4 ' - (2 -d ie thy laminoe thyl ) -5-carbe thoxydi -  
pyrry lmethane  (VI) can be used for model syntheses of porphyrin a. 

EXPERIMENTAL 

The LR spectra of KBr pellets of the compounds were recorded with a Perkin Elmer 257 spectro- 

meter. 

Acylation. A 1.2-mole sample of the acid chloride was added dropwise to an ice-cooled stirred sus- 

pension of 1 mole Of the pyrrole and I.i mole of anhydrous aluminum chloride, and the mixture was then 

allowed to stand at room temperature for 24 h. The solvent was removed in vacuo, finely ground ice was 

added to the residue, and the mixture was acidified to pH 1 with hydrochloric acid. The pyrrole was ex- 

tracted with chloroform, and the extract was washed with water until it was neutral. The chloroform was 

removed by distillation, and the residue was recrystallized from isopropyl alcohol. The reaction was 

carried out similarly (see Table i) when nitromethane was used as the solvent. 

2,4-Dimethyl-3-(l-hydroxyhexadecyl)-5-carbethoxypyrrole (IIIb). A solution of 0.3 g of sodium 

borohydride in i0 ml of 50% aqueous ethanol containing two drops of 2 N sodium carbonate solution was 

added to a solution of 1.76 g of pyrrole Ic in 50 ml of ethanol, and the mixture was stirred at 50 ~ for 4 h. 
The precipitate was removed by filtration, and the solution was evaporated to one third its original volume. 

The resulting precipitate was removed by filtration and dried to give 1.62 g (97%) of IIIb with mp 71-72.5 ~ 

[from petroleum ether-benzene (I.i)]. IR spectrum: 3280 (NH), 1675 em -I (COOC2H5). Found: C 73.91; 

H 10.69; N 3.84%. C25H45NO 3. Calculated: C 73.67; H 11.13; N 3.44%. 

2,4-Dimethyl-3-(l-hydroxypropyl)-5-earbethoxypyrrole (Ilia). This compound was obtained in 82% 
yield from Ia via a method similar to that used to prepare IIIb and had mp 88-89 ~ (fro m petroleum ether). 

IR spectrum: 3300 (NH), 1660 cm -I (COOC2H5). Found: C 64.24; H 8.50; N 6.09%. C12HIgNO 3. Calculated: 
C 63.96; H 8.50; N 6.22%. 

2,4-Dimethyl-3-(l-acetoxyhexadecyl)-5-carbethoxypyrrole (IIIc). A 0.83-g sample of IIIb was dis- 
solved by heating in 8 ml of dry pyridine, i ml of acetic anhydride was added, and the mixture was stirred 
at 20 ~ for 12 h. The mixture was then diluted with water, and the precipitate was removed by filtration, 
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TABLE 1: f l -Acylpyr ro les  

~ t  IRspectrum, cm "1 Found, ~ Calc.. % 
Corn- = --  ----~-_--~o-[Empirical 
pound o~ rap, "C o~ O, g formula 

U ~ ., ~ C H N C H N 

,b 12,t 140 3280t1660110 /  ., o0 
Icc] 181 94:94,51328011665 1550 /C~sH,zNOz 74,47 1~0 3"~7 74,,04 1ff,,69 3"~7 92,5 98,5 
I d  / 20 ( 95 --96 1328011655 1645 /C27H47NOa 74,76 ll,O0 3,27 74,77 10,93 3,23 97,5 

33001 3,89 74,04 10,69 3,47 34 Ilcd / 24 ! 92,5--93 ] 16601655sh. C=sH43N0373,9010,62 

aThe react ion  t e m p e r a t u r e  was 20 ~ bAceording to the data in [6], 
mp 140 ~ CWhen the react ion  was c a r r i e d  out without a so~vent, this  
pyr ro le  was obtained in 85% yield and had mp 91-92 ~ [7]. "When this 
react ion  was c a r r i e d  out in n i t romethane,  the yield of py r ro l e  was 
62%. 

washed  with wate r ,  and r e c r y s t a l l i z e d  f rom hexane to give 1.12 g (96.5%) of a product  with mp 62-63 ~ IR 
spec t rum:  3280 (NH), 1727 (OCOCtt3) , 1665 cm -1 (COOC2H5). Found: C 72.45; H 10.97; N 3.42%. C27H47NO4. 
Calculated: C 72.12; H 10.54; N 3.12%. 

2 -Methoxymethy l -4 -me thy l -3 - (1 -oxooc tadecy l ) -5 -ca rbe thoxypyr ro l e  (IVa). A 2.15-g sample  of lead 
t e t r aace t a t e  was added in por t ions  to a solution of 1.67 g of Id in 25 ml of absolute benzene ai 60 ~ and the 
mixture  was heated  for  20 h. The lead diacetate  was r emoved  by fi l trat ion,  the f i l t ra te  was vacuum e v a -  
pora ted ,  and the res idue was washed with pe t ro leum e the r  to give 1.61 g (84.5%) of 2 - ace toxyme thy l -4 -  
me thy l -3 - (1 -oxooc tadecy l ) -5 -ca rbe thoxypyr ro le  with mp 84-85 ~ [ f rom pe t ro leum e t h e r - b e n z e n e  (1:1)]. 
IR spec t rum:  3275 (NH), 1742 (acetoxymethyl  C=O), 1663-1667 cm -1 (ketone and e s t e r  C=O). A 0.5-g 
sample  of the py r ro l e  was ref iuxed for  4 h in 25 ml of methanol containing 0.5 ml of 40% hydrobromlc  acid. 
The solution was cooled, and the prec ip i ta ted  c ry s t a l s  were  r emoved  by f i l t ra t ion and r e c r y s t a l l i z e d  f r o m  
methanol  to give 0.4 g (85%) of IVa with mp 94-96 ~ IR spec t rum:  3285 (NH), 1660 (COOC2H5) , 1650 cm -1 
(ketone C=O). Found~ C 72.65; H 10.92; N 3.01%. C28H49NO 4. Calculated: C 72.52; tt 10.65; N 3.02%. 

4 ,4 ' -D ime thy l -3 ,3 ' -d i (1 -oxooc tadecy l ) -5 ,5 ' -d i ca rbe thoxyd lpy r ry lme thane  (V). A 0.5-g sample  of 2 -  
ace toxyme thy l -4 -me thy l -3 - (1 -oxooc t adecy l ) -5 -ca rbe thoxypyr ro l e  was ref luxed for  4 h in 25 ml of methanol 
and 3 ml of 40% hydrobromic  acid. The mixture  was then evapora ted  to one th i rd  of its or iginal  volume and 
cooled. The prec ip i ta te  was r emoved  by f i l t ra t ion and r e c r y s t a l l i z e d  f rom methanol to give 0.3 g (71%) of 
a product  with mp 116-117.5 ~ IR spec t rum:  3340 (NH), 1690 (COOC2H5) , 1650 cm - i  (ketone C=O). Found: 
C 74.89; H 11.10; N 3.38%. C53H~0N206. Calculated: C 74.79; H 10.66; N 3.28%. 

2 -Ch lo romethy l -4 -me thy l -3 - (1 -oxohexadecYl ) -5 -ca rbe thoxypyr ro le  (IVb). A 0 .85-ml  (125%) sample  
of sulfuryl  chloride was added slowly with s t i r r ing  to a heated (50 ~ suspension of 3.2 g of Ic in 16 ml of 
anhydrous o-dichlorobenzene.  The mixture  was heated  for  2 h and then diluted with 20 ml of pe t ro leum 
ether .  The resul t ing  prec ip i ta te  was separa ted ,  washed with pe t ro leum ether ,  and dr ied to give 2.6 g 
(75%) of IVb with mp 99-100.5 ~ [ f rom e t h e r - b e n z e n e  (1:1)]. IR spec t rum:  3280 (NH), 1670 (COOC2H5), 1660 
cm -1 (C=O). Found: C 68.34; H 9.59; C1 8.27; N 3.14%. C25H42C1NO 3. Calculated: C 68.22; H 9.62; C1 
8.06; N 3.18%. 

4,3'  , 5 ' - T r i m e t h y l - 3 -  (1- oxohexade cy i ) - 4 ' -  (2 -d ie thy laminoe thy l ) -5 -carbe thoxydipyr ry lmethane  (VI). 
A 0.56-g sample  of IVb and 0.25 g of 2 ,4 -d imethy l -3 - (2 -d ie thy laminoe thy l )pyr ro le  in 15 ml of absolute 
ch lo ro fo rm and 0.7 ml of t r i e thy lamine  were  r e f luxed fo r  6 h trader ni trogen.  The mixture  was washed with 
water ,  the ch lo ro fo rm was vacuum evapora ted ,  and IV was chromatographed  on a luminum oxide. The com-  
pound was eluted with ch loroform,  the solvent was evapora ted ,  and the residue was t r i t u ra t ed  with pe t ro -  
leum e ther  to give 0.31 g (41.5%) of a product  with mp 94-95 ~ ( f rom hexane). IR spec t rum:  3310-3320 (NH), 
1700 (COOC2H5) , 1660 cm -1 (C=O). Found: C 74.07; H 10.68; N 6.65%. C35H59N303. Calculated: C 74.32; 
H 10.62; N 7.03%. 
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